To characterize the change in frequency of infectious disease outbreaks over time worldwide, we encoded and analysed a novel 33-year dataset of 12 102 outbreaks of 215 human infectious diseases, comprising more than 44 million cases occuring in 219 nations. We merged these records with ecological characteristics of the causal pathogens to examine global temporal trends in the total number of outbreaks, disease richness (number of unique diseases), disease diversity (richness and outbreak evenness) and per capita cases. Bacteria, viruses, zoonotic diseases (originating in animals) and those caused by pathogens transmitted by vector hosts were responsible for the majority of outbreaks in our dataset. After controlling for disease surveillance, communications, geography and host availability, we find the total number and diversity of outbreaks, and richness of causal diseases increased significantly since 1980 ( p , 0.0001). When we incorporate Internet usage into the model to control for biased reporting of outbreaks (starting 1990), the overall number of outbreaks and disease richness still increase significantly with time ( p , 0.0001), but per capita cases decrease significantly ( p ¼ 0.005). Temporal trends in outbreaks differ based on the causal pathogen's taxonomy, host requirements and transmission mode. We discuss our preliminary findings in the context of global disease emergence and surveillance.
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Introduction
Understanding the spatial and temporal distribution of novel infectious diseases is among the most important and challenging tasks for the coming century [1 -5] . To date, generalizations about global disease trends have primarily been made from two forms of data: counts of endemic diseases present within nations at a single time point (denoted here and in previous studies as 'disease richness') [6] [7] [8] and records of first-occurrence pathogen emergence events that have occurred globally over time [5] . These past studies have shown that certain pathogens conform to biogeographic trends similar to those exhibited by non-human taxa (e.g. an inverse relationship between disease richness and latitude) [7] , that diseases specific to humans (i.e. contagious only between persons) are uniformly distributed around the world, whereas zoonoses (diseases caused by pathogens that spread from animals to humans) are far more localized in their global distribution [6, 9, 10] and that zoonoses represent the majority of emerging infectious diseases in the human population [5] . However, past studies lack large-scale spatio-temporal data documenting distributions for many pathogens and this has impeded disease biogeographers from fully characterizing the global disease-scape.
Outbreaks occur when the number of cases of disease increases above what would normally be expected in a defined community, geographical area or season [11] . Outbreaks are documented textually and include spatial and temporal attributes, case data, and information about the causal pathogen, and present an opportunity to make new discoveries about global disease trends. However, outbreak records have been largely inaccessible for use in macro-scale analyses as these records are not stored in a manner easily retrievable to the broader research community. The aim of this report is to introduce a new dataset containing data from over 12 000 records of human infectious disease outbreaks and present initial findings from analyses of temporal trends in global outbreaks since the 1980s.
Material and methods
We encoded, summarized and analysed a 33-year dataset (1980-2013) of 12 102 outbreaks of 215 human infectious diseases, comprising more than 44 million total cases occurring in 219 nations (table 1). The data are curated as prose records of confirmed outbreaks in the Global Infectious Disease and Epidemiology Online Network (GIDEON) and are accessible via subscription to the site [11] . GIDEON has been used in past macro-scale studies of infectious disease (e.g. [6] [7] [8] ), but the spatio-temporal data available on outbreaks have not been fully leveraged by researchers because the records are in textual form. We developed a bioinformatics pipeline that automates the parsing and encoding of GIDEON's outbreak records and enables the first macro-scale analyses of global outbreak trends for a suite of unique diseases. We merged these newly encoded records with ecological characteristics of the causal pathogens [6, 7] to examine global temporal trends in the total number of outbreaks, richness (total number) of unique causal diseases, diversity (richness in association with outbreak evenness) of causal diseases and per capita cases (total cases caused by an outbreak as a proportion of that nation's population in the outbreak year). Because of inherent biases in global disease data (e.g. electronic supplementary material, figure S1, [3, [5] [6] [7] ), we controlled for the effects of six variables previously identified in the literature as confounding the effects of disease occurrence and reporting at large spatial and temporal scales: latitude, GDP, press freedom, Internet usage, population size and population density; all variables were recorded by nation and by year (electronic supplementary material). Using these six confounding variables as the independent variables, we fit quasi-Poisson regression models to identify temporal trends in the number of outbreaks and disease richness. We chose quasi-Poisson models to allow for overdispersion in outbreak occurrences among nation-years. We also used linear regression to model temporal trends in disease diversity and per capita cases. The electronic supplementary material fully describes the nature of the GIDEON outbreak records, the pipeline we built to parse and encode them, the ecological characteristics we used to categorize causal pathogens and our statistical methods. (7) 605 (5) a Some diseases could not be assigned to certain sub-categories due to a lack of ecological or epidemiological information [10] .
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Results
Our analyses indicate that the total number of outbreaks and richness of causal diseases have each increased globally since 1980 (figure 1a). Bacteria and viruses represented 70% of the 215 diseases in our dataset and caused 88% of outbreaks over time. Sixty-five per cent of diseases in our dataset were zoonoses that collectively caused 56% of outbreaks (compared to 44% of outbreaks caused by human-specific diseases). Non-vector transmitted pathogens were more common (74% of diseases) and caused more outbreaks (87%) than vector transmitted pathogens (table 1) . Salmonellosis caused the most outbreaks of any disease in the dataset (855 outbreaks reported since 1980). However, viral gastroenteritis (typically caused by norovirus) was responsible for the greatest number of recorded cases: more than 15 million globally since 1980.
Previous studies have demonstrated that a nation's likelihood of experiencing, identifying and reporting an outbreak is influenced by its surveillance capabilities, communication infrastructure, geography and availability of hosts for pathogens [5, [6] [7] [8] [9] [12] [13] [14] [15] . After controlling for these factors using proxies, by nation and year (electronic supplementary material), the number of outbreaks and richness of causal diseases still exhibit a significant increase since 1980 ( p , 0.0001), as do the number of outbreaks and richness of causal diseases for each sub-category of pathogen taxonomy (bacteria, fungi, parasites, protozoa or viruses), pathogen transmission mode (vector transmitted or non-vector transmitted) and host type (human specific or zoonotic; figure 1b-d; electronic supplementary material, table S1).
The Internet has been shown to significantly improve disease detection and reporting [12] [13] [14] . When we add Internet usage as an independent variable to the model (per cent Internet users by nation-year, starting 1990) to control for biased reporting of outbreaks, the overall number of outbreaks and disease richness still increase significantly with time ( p , 0.0001; electronic supplementary material, table S2). However, the number of protozoan and fungal disease outbreaks, and richness of human-specific, protozoan and fungal diseases do not increase with time in this model (Internet usage included; electronic Measures of disease richness are commonly reported in disease biogeography studies [6 -8] , but the nature of the outbreak data allows us to quantify, for the first time, global trends in disease diversity. The Shannon diversity index (SDI), common in ecological studies, accounts for both richness or number of unique types (here, unique diseases) and how evenly types are represented in a given dataset (here, across outbreaks) to provide a measure of diversity. Thus, the SDI allows for a new way to examine the global assemblage of infectious diseases (electronic supplementary material). Overall outbreak diversity and the diversity of all sub-categories (by taxonomy, transmission mode and host type) of causal diseases exhibit significant increases since 1980 ( figure 2; electronic supplementary material, table S1 ).
After controlling for Internet usage, this trend disappears ( p ¼ 0.947), and the diversity of outbreaks caused by human-specific diseases, bacteria, protozoans and fungi exhibit a significant decline since 1990 ( p ¼ 0.023, 0.034, 0.002, respectively; electronic supplementary material, table S2). By contrast, while diseases caused by pathogens that use non-human hosts to complete their life cycle (e.g. zoonoses and vector transmitted pathogens) exhibit temporal increases in total outbreaks and richness, there is no apparent change in diversity for these diseases (electronic supplementary material, table S2).
Rank-abundance distributions shed some light on this finding. The increasingly long tail of the rank-abundance distribution of outbreaks caused by zoonoses (electronic supplementary material, figure S2 ) reveals that, while the richness of zoonotic diseases is increasing over time, most of these diseases cause only a small fraction of outbreaks. Indeed, a handful of specific zoonoses appear to cause the majority of outbreaks in each decade: from 1980 to 1990, 80% of all zoonotic disease outbreaks were caused by only 
Discussion
Here, we analyse human infectious disease outbreaks across the world, spanning multiple decades. Our results provide new descriptions of the global disease-scape and our new dataset, now available for others to use, will help advance the field of disease biogeography. While outbreaks represent an increase in the number of disease cases beyond expectations for a given population, emerging human infectious diseases are further characterized by novelty: for example, diseases that have undergone recent evolutionary change, entered the human population for the first time, or have been newly discovered [5, 9] . The number of outbreaks, like the number of emerging infectious diseases, appears to be increasing with time in the human population both in total number and richness of causal diseases. Although our finding implies that outbreaks are increasing in impact globally, outbreak cases per capita appear to be declining over time. Our data suggest that, despite an increase in overall outbreaks, global improvements in prevention, early detection, control and treatment are becoming more effective at reducing the number of people infected [13, [16] [17] [18] [19] [20] .
Temporal trends in outbreaks differ for human-specific diseases versus diseases that rely on non-human hosts. Zoonotic disease outbreaks are increasing globally in both total number and richness but not diversity or per capita cases (electronic supplementary material, table S2). Human-specific infectious diseases are also causing an increasing number of outbreaks over time. In contrast to zoonoses, however, human-specific diseases are declining in diversity and in the impact they have through outbreaks (in terms of per capita cases). These findings, along with previous work on emerging infectious disease [5] , suggest that zoonoses may be increasingly more novel in the global human population when compared with diseases specific to humans. This novelty may be a function of the various ways in which zoonoses occur for the first time in the human population (e.g. spill-over from animals, evolution or discovery) [5, 9] . By contrast, human-specific pathogens appear to be less novel (in terms of diversity) and harmful (in terms of per capita cases) than in the past. We suspect per capita cases for zoonotic outbreaks may indeed be greater than our findings indicate, but this is not detectable due to a lack of communications infrastructure and public health resources in the nations that suffer most from pathogens spilling over to humans from wildlife [5] .
The temporal scale of our outbreak dataset allowed us to control for the confounding effects of the Internet (starting in 1990) on the reporting of infectious disease outbreaks. Both the total number of outbreaks and richness of causal diseases increase over time whether we control for Internet usage or not, but temporal trends in diversity and per capita cases change direction and significance once Internet usage is controlled for. It is beyond the scope of this report and our current dataset to determine the role the Internet has played in outbreak detection and reporting, but this has been discussed elsewhere by others (e.g. [12 -14] ). It is becoming increasingly clear that the Internet can improve disease reporting by supplementing formal surveillance with publicly generated digital disease surveillance [12] [13] [14] . Because of this, Internet usage and other proxies for national communication infrastructures are important to incorporate into analyses exploring changes in infectious disease over space and/or time.
